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国家 863 项目“飞行控制计算机系统 FC 通信卡研制”的任务是研究设计符合
CPCI 总线标准的 FC 通信卡，本课题是这个项目的进一步引伸，用于设计 SCI 接口，
以实现环上多计算机系统间的高速串行通信。 
本文以此项目为背景，对基于 FPGA 的 SCI 节点进行研究与实现。论文先概述
SCI 协议和 SCI 节点模型。SCI 协议是一种可支持高性能多处理器，一致性内存共
享，高度可扩展的互联标准；SCI 节点模型包含发送和接收存储器、旁路 FIFO、地
址解码、多路复合和高速串行通信接口等。接着详细介绍利用 FPGA 上的资源如何
在嵌入式开发工具 EDK 中实现 SCI 节点模型。利用 FPGA 上的块 RAM 实现发送和接
收存储器；设计一个同步 FIFO 实现旁路 FIFO；利用 FPGA 内嵌的 RocketIO 高速串
行收发器实现主机之间的高速串行通信，并利用 Aurora IP 核实现了 Aurora 链路层
协议；地址解码和多路复合分别被实现在控制逻辑中； 后采用 OPB-PCI 桥接核实
现了 CPCI 接口逻辑。 
本课题采用 SOPC 方案来实现 FPGA 逻辑设计。采用 Verilog 硬件描述语言实
现旁路 FIFO；采用 VHDL 硬件描述语言来实现 Aurora 链路层模块。在 Xilinx ISE
中分别实现旁路 FIFO 和 Aurora 模块的功能及时序仿真； 后在 EDK 中实现整体
设计，下载到开发板上，并利用 ChipScope Pro 虚拟逻辑分析仪对设计进行验证。 
本课题设计完成的 SCI 接口在 Windows 2000 操作系统下在两台主机 A 和 B 间



































The national 863 project “Development of FC board for the Flight-controling 
computer system” is to design an FC board compliant with CPCI bus standard. This 
subject is the further extension of the project, which is to design Scalable Coherent 
Interface (SCI) for high-speed serial communication among multiprocessor systerms. 
Under this background, the SCI-node is researched and designed in this thesis. At 
first, introduce the SCI protocol and SCI-node model in general. SCI is an interface 
standard for very high performance multiprocessor systems. It supports a coherent 
shared-memory model. SCI's low pin counts and simple ring topology make it 
cost-effective for small systems as well as for the massively parallel ones. A SCI-node 
includes a sending RAM, a receiving RAM, a bypass FIFO, an address decoding 
module, a multiplexer (MUX) and high-speed serial interface. Then introduce how to 
implement the SCI-node in detail in embedded development kits (EDK). It is with the 
block RAM to design the sending RAM and the receiving RAM. Design a 
synchronous FIFO to implement the bypass FIFO. It is with the RocketIO to 
implement the high-speed communication and with Aurora IP core to implement the 
Aurora link layer protocol. The address decoder and MUX are implemented in the 
control logic. It is with the OPB-PCI bridge to implement the CPCI . 
It is with the SOPC solution to implement the FPGA logic. The FIFO is designed 
in Verilog, and the Aurora module is designed in VHDL. The function and timing 
simulation by ModelSim is done in Xilinx ISE. Then the whole design is implemented 
in EDK. At last the design is downloaded into the PROM in the development board, 
and is verified by ChiopScope Pro. 
The SCI-communication is tested between computer A with a FC card and 
computer B with a FC card under Windows OS 2000. The result shows that the direct 
transfer-speed between A->B is 3.4MB/s now, and the transfer-speed among A->B->A  
with bypass FIFO is 0.88MB/s now.  













基于 FPGA 的 SCI 节点的研究和实现 
 





















第一章 绪论 ..............................................................................................1 
1．1 概述...............................................................................................................1 
1．2 基于 SCI 协议的通信接口..........................................................................1 
1．2．1 项目来源及意义..............................................................................1 
1．2．2 SCI 协议产生的背景和基本内容 ...................................................2 
1．2．3 SCI 节点接口结构 ...........................................................................4 
1．2．4 SCI 拓扑结构 ...................................................................................5 
1．3 研究内容 ......................................................................................................5 
1．4 本文的组织结构 ..........................................................................................6 
第二章 设计开发基础 ..............................................................................7 
2．1 数字系统设计概述 ......................................................................................7 
2．1．1 硬件描述语言..................................................................................7 
2．1．2 IP 核 ..................................................................................................8 
2．2 FPGA 简介....................................................................................................8 
2．2．1 概述..................................................................................................9 
2．2．2 FPGA 特点 ..................................................................................... 11 
2．2．3 FPGA 设计流程 ............................................................................. 11 
2．2．4 Xilinx Virtex-II Pro FPGA 简介.....................................................13 
2．3 Xilinx SOPC 集成开发环境 EDK.............................................................15 
2．3．1 EDK 概述 .......................................................................................15 
2．3．2 EDK 系统描述文件 .......................................................................15 
2．3．3 EDK 开发流程 ...............................................................................16 
2．4 通信卡硬件平台 ........................................................................................18 
第三章 SCI 接口卡的整体逻辑设计 ....................................................25 
3．1 SCI 接口卡整体逻辑划分..........................................................................25 
3．2 基于 PowerPC 405 处理器嵌入式系统 ...................................................26 
3．2．1 PowerPC 405 硬件系统结构与外部设备概述 .............................26 
3．2．2 系统地址分配................................................................................27 
3．2．3 CPCI 总线逻辑设计.......................................................................27 
第四章 SCI 接口内部的 FPGA 逻辑设计 ...........................................31 




4．2 SCI 接口的实现..........................................................................................34 
4．2．1 Aurora IP 核通信模块的仿真和实现 ............................................34 
4．2．2 旁路 FIFO 的仿真和实现 .............................................................40 
4．2．3 接收和发送存储器的实现............................................................41 
4．2．4 地址解码和 MUX 的实现 ............................................................43 
4．3 SCI 接口的工作流程..................................................................................44 













基于 FPGA 的 SCI 节点的研究和实现 
2 
5．1 Chipscope 验证...........................................................................................49 




第六章 结束语 ........................................................................................59 
6．1 工作总结 ....................................................................................................59 















Table of Contents 
1 
Table of Contents 
Chapter 1  Introduction..........................................................................1 
1．1 Overview ......................................................................................................1 
1．2 Communication Interface Based on SCI Protocol ...................................1 
1．2．1 About.................................................................................................1 
1．2．2 Background and Contents of SCI Protocol .......................................2 
1．2．3 SCI-node Architecture ......................................................................4 
1．2．4 SCI Topology Architecture ...............................................................5 
1．3 Contents .......................................................................................................5 
1．4 Organization................................................................................................6 
Chapter 2  Basis of Design .....................................................................7 
2．1 Overview of Design of Digital System ........................................................7 
2．1．1 HDL ..................................................................................................7 
2．1．2 IP Core ..............................................................................................8 
2．2 Introduction to FPGA..................................................................................8 
2．2．1 Overview...........................................................................................9 
2．2．2 FPGA Feature.................................................................................. 11 
2．2．3 FPGA Design Flow......................................................................... 11 
2．2．4 Xilinx Virtex-II Pro FPGA..............................................................13 
2．3 Xilinx SOPC Integrated Development Kits EDK ...................................15 
2．3．1 EDK Overview................................................................................15 
2．3．2 EDK System Description Files .......................................................15 
2．3．3 EDK Design Flow...........................................................................16 
2．4 Communication Card ................................................................................18 
Chapter 3  The Logic Design of SCI Card .........................................25 
3．1 The Whole Logic of SCI Card ..................................................................25 
3．2 Embeded System Based on PowerPC 405 ...............................................26 
3．2．1 Overview.........................................................................................26 
3．2．2 System Address Allocation .............................................................27 
3．2．3 CPCI Bus Design ............................................................................27 
Chapter 4  FPGA Logic Design of SCI-node ....................................31 
4．1 Transfer frame............................................................................................31 
4．1．1 Address Frame ................................................................................31 
4．1．2 File Data Frame...............................................................................33 
4．1．3 Overview of File Transfer .............................................................33 
4．2 SCI-node Design.........................................................................................34 
4．2．1 Simulation and Implement of Aurora IP Core Module...................34 
4．2．2 Simulation and Implement of Bypass FIFO ...................................40 
4．2．3 Implement of Sending and Receiving RAM...................................41 
4．2．4 Implement of Address Decoder and MUX .....................................43 
4．3 SCI-node Work Flow .................................................................................44 













基于 FPGA 的 SCI 节点的研究和实现 
2 
5．1 Chipscope Verification...............................................................................49 
5．2 System Test and Performace Analysis......................................................52 
5．2．1 Communication System Structure ..................................................52 
5．2．2 Communication Application Program ............................................52 
5．2．3 Performance Analysis .....................................................................54 
Chapter 6  Conclusion ..........................................................................59 
6．1 Summary.....................................................................................................59 


























联协议。 SCI 的延迟更少（理论值 1.46 微秒, 实测值 3-4 微秒），并且其单向速









计的理想首选。本设计借助 FPGA 的各种优越性逐步实现 SCI 技术。 























本课题是上述 863 项目－飞控计算机通讯卡的进一步引伸，即采用 FPGA 芯
片设计实现 SCI 接口，以将多台机子以一定的拓扑结构连接起来完成某些功能。 
在这个大的背景下，本课题的重点在于采用 Virtex-II Pro FPGA[7]器件作为通
信卡的核心控制芯片，实现 SCI 协议的基本节点模型，包括传输包的编码和解码、
地址解析、多路复用、输入输出存储块和旁路 FIFO 等模块，以及实现高速串行
数据的收发，和通信卡与主机的 PCI 接口等。 
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